PHYSICS 632 Winter 2005 Jan. 27 midterm -
CORRECTED

Name:

1) A particle in a sphere, r < a, is in the state:
U(r,t =0) = 5[p1(r) — ¢2(r)],

where ¢,, are the energy eigenstates, with energies F,,, ordered from lowest
eigenvalue to highest. The first state is the [ = m = 0 ground state. (a)
What is the lowest energy that can be measured? Assume mass M and give
the answer in terms of M and a. (b) What is ¢(z,)? (c) What is < R > (t),
where < 7|R|f >= rf(r). Write your answer in terms of well-defined radial
integrals.



2) H = S—IQ + woL.. What are the eigenstates and eigenvalues of H? At
t = 0 the particle is in the lowest energy eigenstate with [ = 1. What is
< Ly > (t).



3) (a) Compute [L;, R?]. (b) If L = Ly 4+ Lo, what is [L?, Ly - Ly]? Show
your work.



4) For angular momentum one-half there are two eigenstates, |+ > and |— >,
where J%|+ >= 3/4|+ > and J.|+ >= +£1/2|+ >. H = woJ,. At t =0,
[Pt = 0) >= %(H— > +|— >). What is [¢(¢t) >? What are the possible
measurements of J,7 What are the probabilities of each as a function of
time?



424 Chapter 10 Problems in Three Dimensions

TABLE 10.2  Solutions to the three fundamental box problems in quantum mechanics

The Rectanguiar Box The Cylindrical Box The Spherical Box
Edge Lengths a}, a3, a3 Radius 2, Height b Radius a
z z
)
6 M
~
M 9 & L
ay ¢
4
X
Hamiltonian

H = (32 + py2 + p2)/2M

.3 . 0)\?

pxc= (*iﬁa)

Eigenfunction

Pgst = Agsr Sinkgx sinksy sink;z
(Agst)? = 8 # ayazas

sinkga) = sinksay = sinkjay = 0
Wave Equation

d!
2 +k2 | sinkx = 0
X

Eigenenergy
Eq.n = ﬁz(qu =+ ksz + klz)sz

Pgmn = Aqmn-’mfxmnﬂ}siﬁquemé
(Agmn)? = 2/mblatn (Kmna) I
sinkyb = Jy(Kmpa) =0

Bessel's Equation
1 d\? m?
[;E (xd—;) +l‘—'x—2 Jn(x)=10

Eqrnr: = hZ(X”mZ + k.;z);’?.M

H=p2+ L% 2m

Pnim = Anim Ji(kin?) Y[ (6, ¢)
(Anim)? = 2/a>(jy (ppa)P?
Jilking) =0

Spherical Bessel Equation

1d \? W+1 .
[(;z;") ="z ]“""““

Epp = Rk 2 2M, akiy = X1

1
E(}.ZRH + ."R") + r2(k2 i k:Z} - m?.

(10.77c)

where a prime denotes differentiation with respect to r. With conditions (10.74)
we find
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n.=12,...




